By developing the terahertz (THz) technology, in addition to generators and detectors of THz waves, the existence of some tools such as modulators and filters are needed. THz filters are important tools for various applications in the field of chemical and biological sensors. Linear and nonlinear optical properties of the graphene have attracted lots of attention. In fact graphene exhibits various nonlinear phenomena. Hence in this paper, by entering the graphene to the field of THz and using the graphene nonlinear properties with utilizing the transfer matrix method and transmission properties of a periodic structure containing graphene are investigated. A fairly straightforward computational method allows us to examine the effect of different structural parameters on the transmittance spectrum. Simulation results show that if the graphene nonlinear response in a periodic structure in the presence of a high-intensity THz field is considered, the proposed structure displays two bands of passes and stopping which can improve the design of the filters and controllers of THz waves.
I. INTRODUCTION
Graphene is a single atomic layer of carbon atoms tightly packed into a highly symmetric two-dimensional honeycomb lattice. The optical properties of graphene have been studied both experimentally and theoretically. In the THz to the far-infrared (FIR) spectral regime optical conductance of graphene-based systems attracts many researchers' interests due to the researches searched on viable THz detectors and emitters [1] .
The fact that graphene has attracted intensive scientific interest is because of its incredible physical properties showing great potential applications in nano and optoelectronic devices, and it has outstanding optical properties, such as strong light-graphene interaction, broadband and high-speed operation, etc. Some graphene/dielectric heterostructures are also proposed to manipulate THz radiations. Especially, the electrical tunability of conductivity of graphene can potentially open a new possibility of tunable optical sensor, metamaterials, THz absorber, and tunable filters, etc. [2] .
In addition, linear and nonlinear optical properties of graphene as 2D materials are very interesting. Graphene is a centrosymmetric material that exhibits large third-harmonic generation (THG), strong optical Kerr nonlinearity, and induced secondorder nonlinearity in a single atomic layer. This allows us to employ graphene in active photonic devices with improved functionality, including ultracompact modulators, optical limiters, frequency converters, and photovoltaic and photo resistive devices. These advantages require advances in nanofabrication and experimental techniques, theoretical models, and numerical methods for modeling the devices incorporating 2D materials [3] .
T. Zhan et al. developed a transfer matrix method for optical calculations in non-36 interacting graphene layers. Within the framework of this method, the transfer matrices for various graphene layers which has linear conductivity can be obtained, from which the reflectance, transmittance and absorbance spectra of graphene layers can be easily obtained [4] .
Ghasempour et al. derived a transfer matrix for optical calculations in anisotropic graphene layers in the presence of an external magnetic field. Proposed transfer matrix to study surface plasmons in a multilayer structure containing three anisotropic graphene layers which have linear conductivity is applied [5] .
Nonlinear optical properties of multilayer graphene can be determined by Z-scan method. The measurements are carried out at 1150, 1550, 1900 and 2400 nm with a 100femtosecond laser source. Under laser illumination, the multi-layer graphene exhibits a transmittance increase due to saturable absorption [6] .
On the other hand, Xiao et al. experimentally demonstrated graphene-plasmon polariton excitation in a continuous graphene monolayer resting on a two-dimensional subwavelength silicon grating. These dielectric-graphene series are fabricated based on low-cost nano sphere lithography. An improved method for transferring CVD-graphene on copper is used to obtain a high quality of the transferred graphene monolayer [7, 8] .
In recent years, THz technology has been studied very much and the field of production and detection of these waves have been a lot of development. Also, the potential applications of these waves, telecommunications, imaging, security, etc. are mentioned [9] .
Filters play an important role in applications such
as THz signal processing, telecommunications, medical and chemical sensors and biosensors. Efforts are done to develop and design high-pass and tunable filters. These filters are usually based on photonic crystals, liquid photonic crystals [10] . He et al. suggests that the graphene-SiO2-Si (GSiO2Si) structure is based on the flexible substrate to realize dynamically control of the propagation waves. Since the permittivity of graphene layer can be varied via the applied electric fields or chemical doping, the transmission of the GSiO2Si structure can be conveniently modulated. Therefore, the tunable transmission properties of the proposed GSiO2Si structure has been explored in the THz regimes. They show that transmission of the proposed GSiO2Si structure can be modulated conveniently in a broadband range [11] .
In this paper, we theoretically examine the transmission properties of a one-dimensional periodic structure including graphene in two stages using the transfer matrix method. In this way, first we consider the graphene only with linear conductivity (intraband conductivity) and then in addition to linear conductivity, the third order conductivity is also considered. Our main goal in this study is to utilize nonlinear graphene and changes of the structural parameters in order to design tunable filters in the range of terahertz.
II. THEORETICAL MODEL AND METHOD
Here, we introduce the transfer matrix method to calculate the transmission coefficients at the interface of graphene-dielectric. The main idea of the transfer matrix is that the electric and magnetic fields of different places can be linked to each other. We also examine the propagation of transverse magnetic (TM) polarized waves in the graphene layer. Figure  1 shows the structure of a unit cell of the dielectric-graphene.
In this structure, the dielectric layer thickness is d and the thin layer graphene has the conductivity g  . The graphene-dielectric interface matrix will consider as M that can link the field of the layer n to the layer n+1 [12] : where parameters  ,  , and u are defined as follows:
, and  is angle of incident beam to the structure. Without considering the external magnetic field and under the random-phase approximation, the isotropic surface conductivity  of graphene in the THz frequencies is dominated by the THz transitions. In the limit 1  ? , the linear part of the surface conductivity can be expressed as [13] :
This model is applicable in low-temperature limit (
For the strong field condition, the nonlinear part of the conductivity must be considered [14] : 
where 6 10 f v m s  is the Fermi velocity of electrons.
If the unit cell structure of Fig. 1 is repeated periodically for a number of periods, such as N, the entire matrix is considered as follows:
After obtaining the matrix U, the reflection and transmission coefficients can be obtained from the elements of the matrix as [12] :
III. SIMULATION
In this section, we examine the influence of structural parameters on the transmittance spectrum of Fig 1. The high intensity of the amplitude of the incident wave field leads to the nonlinearity being dominant. In this structure by increasing the thickness of the dielectric layer, in case that graphene in the structure has total conductivity (linear+nonlinear), the stop band of the transmittance spectrum increases and also reduces the number of frequency peaks. In the other words, by increasing the thickness of the dielectric layer, this structure acts in such a way that it prevents the transmission of further frequencies, and subsequently passes fewer frequencies, on the other hand, the high frequency peaks that are seen in the center frequencies of Fig. 3(a) , are eliminated.
A. Effect of the dielectric layer

B. Effect of the chemical potential of graphene
The chemical potential of graphene in the periodic structure of Fig. 1 plays an important role in the variation of the transmittance and spectrum of this structure. The chemical potential of graphene usually is changed by applying an electric field or by doping the elements within the graphene lattice. Figure 3 shows As shown in Fig. 3(a) and 3(b) , when the nonlinear effect of graphene is considered, increasing in the chemical potential reduces the stop band of transmittance spectrum and leads to the oscillation of it at high THz frequency, while more frequency peaks are detected. The simulation results of Fig. 3 (a) and 3(b) are performed for frequencies of more than 100 THz and forned that the transmittance spectrum reaches a maximum constant value. In the central frequencies of this spectrum, there are sharp frequency peaks that improve the detection of this frequency range, and as Fig. 3(b) shows, with increasing the number of graphene layers, these frequency peaks in this range increase. For example, the result of Fig. 3(a) is suitable for designing a filter that is used only for passing a single frequency of about 80 THz.
C. Effect of the angle of incident wave
Another important parameter in determining the transmittance spectrum of the structure of , the number of sharp frequency peaks seen in the central frequencies decreases, which means that by decreasing the angle, fewer frequencies through this structure is allowed to pass. If only linear effects of graphene are taken into account, as shown in Fig. 4 , most frequencies pass and the system act almost as a transparent environment for the incident wave.
D. Effect of the dielectric coefficient
The influence of the dielectric coefficient of materials in periodic structures on the variation of the transmittance spectrum can not be ignored. Simulation results are shown in In the other words, the non-conductivity of the material between the graphene layers and the high intensity of the THz field make the structure of Fig. 1 , like a strong reflector, which returns most of the low frequencies.
Although the increase in the dielectric coefficient removes the transmission spectrum from the oscillatory state for the end of the frequency range and generates frequency peaks in this range, this increase in the dielectric coefficient also eliminates the number of frequency peaks seen in the central frequencies.
In Figs. 2-5, we can see dips in the transmittance spectra. For example, in Fig.  5(b) , there are dips at 85 and 92 THz frequencies. These dips can be associated with the generation of plasmonic waves. As it can be seen, by changing the structural parameters it is possible to control the increase or decrease of the plasmonic waves produced in this structure. We can attribute the generation of these plasmonic waves to the presence of graphene with nonlinear conductivity in the structure of Fig. 1 .
IV. CONCLUSION
In this paper, we examine the transmission properties of the periodic systems contain of Downloaded from ijop.ir at 1:39 +0330 on Thursday September 26th 2019 graphene, taking into account the third order conductivity of graphene in the presence of high intensity THz field. It is shown by the simulation results for the proposed structure, changing the structural parameters such as the dielectric layer thickness, the graphene chemical potential, the variation in the incident wave angle and the change in the dielectric coefficient, the transmission and the reflection spectrum of the system can be changed. These results can be used to design the bandpass filters and the controllers of THz waves. Changing structural parameters leads to improve the design of adjustable THz filters.
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